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ABSTRACT 

The purpose of this paper is to demonstrate that 
specific spatial and ix>ssibly temporal rates of change dominate early 
infants* looking, thet these spatial and temporal events have 
meaningful and specific empirical correlates in neurophysiology as a 
function of age, and finally that neurophysiologically constrained 
models provide testable hypotheses for studies involving infant 
perceptual development. A model is presented for infant looking 
duration or pattern preferences depending upon transformation of 
spatial characteristics of vi-sual stimuli by a developing visual 
system, it is shown how thi:iJ model • predicts the behavioral data 
obtained by the author and others and how these behavioral data are 
reflected in measures of infant brain responses. The inadequacies of 
a strictly spatial model which force one to incorporate temporal 
characteristics of stimulation are discussed. (Author/KM) 



ERIC 



1 • 



■4 



o 



Presented at the American Psychological Association Meeting, September, 1972 

Honolulu, ilauaii 

Symposium on: Perceptual cognitive processes in the infant 



BRAIN AND BEHAVIOR PROCLSSING OF CONTRAST INFORMATION 
BY HUMAN INFANTS: SPATIAL AND TEMPORAL CHANGES 



Bernard Z. Karmel, University of Connecticut 

My purpose today is three-fold; (1) to demonstrate that specific spatial 
and possibly temporal rates of change dominate early infants' lookir (2) 
that these spatial and temporal events have meaningful and specific empirical 
correlates in neurophysiology as a function of age, (3) and finally, that 
neurophysiolo jically constrained models provide testable hypotheses for 
studies invol ;ing infant perceptual development. 

I hope to do this by presenting, (1) a model for infant locking duration 
or pattern preferences depending upon transformation of spatial character- 
istics of visual stimuli by a developing visual system, (2) showing how this 
model predicts mine and other's behavioral data, (3) indicating how these 
behavioral data are reflected in measures of infant brain responses and, 
finally, (4) briefly comment on the inadequacies of a strictly spatial model 
which force one to incorporate temporal characteristics of stimulation. 

For the past few years, I and my colleagues have been operating under the 
assumption that early pattern preferences in infants are based primarily on 
neurophysio logical "expectancies" inferred from functional analyses of center- 
surroupd receptive field properties characteristic of single neuron responses 
to visually patterned inputs. 

Textured fields when "viewed" by such a neuron would effectively produce 
spike rate Activity changes that could be characterized by an inverted U-shaped 
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spike rati* chani^c function f \ct i vat ion ) . (Src } lyuu* la i 



Figure I \bout Here 

This function uould contain at least tuo mini:na (i.e., ^^^ rate chrnnz'^ ,i' J .it 
least one maximum (i.e., maximiiin rate change). One minimuiTi would " a 

oattern contained very small el^-nenrs, since dark and li^iit ele:u T^:- o.-Il' 
project both dark and light spots o.nto hoth center and surround m. ii -nislv 
causing cancellation of inli.bitory and facilitory effects. A second in.;i.u]a 
uould occur when very lart;c te::tt re elements were present. Here, e>( fi.xations 
uould effectively project equi .alent lumina on both the center and t\,^ siirround 
of a given receptive fielc a^ain biasing cancellation. At least one ■ axinium 
activity rate change would occur someuhere betuee.i these extremes, pcs^ihly 
depending on anatomical /cpion and retinal connections, and would cor^esrond 
at least to some real r mal elenei.t size of visual texture element proj(*eted. 

If an equal number of neuron » uith such receptive field characteristics 
existed in all anatomical region; for all inputed texture element sizes and 
shapes, an integration of Activation across neurons after fixation would ])ro- 
duce no differential v^alues. lloue\er, enpiricaily, receptive field sires do 
not cover large portions of the retina, but are restricted to small circ.im- 
scribed regions (usually binocular and predominantly foveal) of the retina 
(Hubel and Wiesel, 1962) and are somewhat larger and more "diffuse'' in 
character in underdeveloped Ss (Wiesel and liubel, 1965), and in subcortical 
structures (Hubel ard Wiesel, 1962; Schiller and Koerner, 1971). Fhus, the 
aggregate Activation (i.e., the summated spiking rate changes across a 
specific neuron population at any point in time) would not be equal for all 
configurations cl patterned stimuli at any single point in development or for 
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any specific anatomical locus. liowevcr, some Activation level uould exist 
at all times during development. Therefore, given this rather simple analysis, 
and regardless of what else these neurons affect, we suggest that this 
specific momentary level of Activation is linearly related to looking prefer- 
ence functions. Further we postulate that shifts in such preference func- 
tions are directly related to development of these functional visual cells or 
to relative dominance during dc^velopment of certain specifically located 
cells over others. 

Although our model deals wjth visual stimuli, we are attempting to 
generalize it to other modalities empirically, but will address ourselves 
only to the visual here. 

One major consistent finding regarding looking preferences and shift in 
preferences with age has been that there are ''optimal levels of complexity" 
and t;iat infants tend to look at *'more complex" patterns as they age. How- 
ever, our data argue that these functions and corresponding age shifts in the 
main can be depicted as a shift in looking to patterns containing greater and 
greater edge density as approximated by use of a pattern descriptor based 
on the square root of the total amount of contour contained in a pattern 
regardless of their relative "complexity" ratings by adults. The square root 
transformation implies that edge-area relationships within the pattern are 
critical. Figure 2 shows the stimuli we have generally used while Figure 3 
summarizes findings for certain studies in which larger stimulus fields having 
various types of patterns basically varying in arrangement and element size 
(spatial frequency) have been used. 



Figures 2 and 3 About Here 



Ilerc^ \^v ha\i' plotted our oun Jjta fK.irmel, U>65a) that of 11. r^^i< 'i^v>t. li»t»l., 
Brc'nnan, Vmcs and Mooro fI9(>()), :ind Crct-nherg and O'Doiincll fl';"^:). Viu.stiii/ 
for differences m pattt rn siic. and distancrs betueen studios and st.ind.ird- 
izing on rotinal angle of elements of a hypothetic;:! 1 ft.-sc|uarc p.ttt'jrn at 
20 inches (for no othe-^ reason than these values were initiall) used ' ^ . . , 
the square root of contour descriptor, uith jirogrcssivcly shifting mvirt.'.i 
U-shaped functions with age, can be sho\%n to describe ordinal rcl a i im :p 
empirically observed betv^een stimuli. 

Certain reported quantitative discrepancies from these cur\ e> oc^ ir X^. 
uni -directional stimuli such as Horizontal vs Vertical stripes and r.t 
varying stimuli with curves such a. bulls-eyes, hut these arc argued to be -.^t-c'ai 
cases of the more general model dej^ending upon non-linear distribution.- v*' 
actual eye scans across stimuli (Kosscn, Salapate'k, ilaith, 1972), or ij]m r 
non-linear distributions of cells inherent in a developing visual system such 
as a foveal distribution of cells along with developing cortical magnification 
of fovea! as op^^osed to peripheral retinal projections (see Maisel and Karmcl, 
in preparation, for elaborations of possible effects of development of retina* 
eccentricity on preferences). 

Our model can account for such shifts depicted in Figure 5 if cortical cell 
receptive fields characteristics were somewhat larger in immature but still func- 
tioning areas or if larger but more mature subcortical receptive field functions 
dominated for the behavior over the smaller, but less n^ature cortical fields in 
younger Ss, These, indeed, are known characteristics of units in the visual 
system during development in animal*. Figure 4 depicts these hypothetical shifting 
neurophysiological functions to spatial infor.iation over development. 



l-igurc 4 About Ik-rc 

Thus, it' the behavioral aata can he shovvii to cmpiricar.y reflect In the 
main spatial clement density, we conclude that shifting in\crted U-shaped 
functions of spike rate change (i.e.. Activation) at th.^ neuronal level might 
underlie the looking behaviors observec'. 

In the next part of this talk I v>ill attempt to anchor the model to ncuro- 
phy>iological observables argued to be functions of neuronal spike rate 
changes from a poo* of neurons having visual input in infants. 

Since responses from single neurons cannot le directly measured in human 
infants, measurement of gross visually evoked brain electrical activit) (i.e., 
visually evoked potentials or VlEPs) was attempted. Fox and O'Brian (1965) 
have demonstrated that the probability distribution of a single neuron's 
spiking activity can be directly predicted from the response envelope of extra- 
cellular evoked potentials recorded in the region surrounding the unit. 
Verzeano, e^al. (1968) among others, specifically suggest a high correlation 
of the first derivative of VEP amplitude to the post stimulus probability 
histogram. Thus, one test of the theoretical position, then, might be 
generated by observing changes in component amplitudes of slow brain electrical 
events in infants, as those are evoked by contour information used in behav- 
ioral studies. We, thus, assume that these components measure in some complex 
way the pooled neural Activation effects depicte«i in Figure 4. 

For those unfamiliar with neurophysiological recordings, the occipital 
pole EEG at a point 10% above the inion on the midline referenced to the back 
of the ear was recorded most successvully from active and attending infants 
using a telemetry system (Narco Biotelemetry system) and having mothers bottle- 
feed during the experiment. That 1-sec portion of the EEG following a brief 



strobc-f lasil of l.ght vlcucd through a pitterncd stimulus ua*- coM^uit' r .iv v r.ii/vJ . 
I he evoked ^c^po^sc (or l.V) rejircscnts the a\erage voltage K\els, .li'tiv <Xi\:uiu< 
onset. ine L?^ generated in this manner are equivalent to perform! My; a <»ne-^%a> 
ANOVA uit' tr« jtments depicted as successive time bins with hiu means connect id 
to fom^ a cent nuous line and bin variance related to the mjinber of trials used 
for a\eragin:4. lypically we use at least 32 consecutive trials for ituy >ne 
stimulus pat*, rn, but only those trials when Ss are judged looking at the pattirr,. 

Five St luli, consisting of 4 redundant checkerboard patterns and a 
"blank" equ: ted for laniinapce were used (check sizes were 20', 4o', I'^IO', 3\ 
and 27° respectively. Redundant checkerboards were used since most adult 
pattern vis on T:P studies and infant behavioral studies have used these stimuli 
and possible cross-study cc:parisons i%ere felt important in initial studies 
(see Karmci, Hoffmann and F gy, submitted., for details). Tlie major coiiiponents 
of the pattern and 'blank' liP are shown in the next slide (Figure SI . 



Figure 5 About Here 

Usually N, , \\, a major negative between and and P. could be identified. 
I ^ Z 4 ^ 

A positive peak prior to N^^ was not reliably discernible in most Ss as is the 

case reported for adults (Cobb and Dawson, 1958). All Ss (N=33) whose records 

for all five stimuli could be analyzed for N , P , a major negative (N) after 

1 ^ 

P^, and P^ are reported here. Irfants varied from 9-12 weeks of age. 

Both the amplitude of P^ and the peak-to-peak difference between P^ and 
the major negative (N) after P^ were significantly related to the stimulus 
variable. In some cases P^ is completely obliterated in our records and is 
not discernible or is coincident with N . Apparently P- and latency and 



amplitude ina> depend on stimulus' maniinilat ion , de\ e lopment , and rccordiiii; site. 

Statistical analysis of both \\ ampljtu-ic and l\-N amplitude differences 
indicated that inverted U-shaped trends of the component amplitudes accounted for 
79% (r=.89, j^-.Ol) of the significant stimulus factor vari ance if the stimulus 
factor is ordered by the identical description (the square root of contour) 
found to relate fixation preferences to some stimulus variable. It is assumed that 
the increases in amplitude at least reflect increased synchronous neuronal acti- 
vation driven by the contour stimulation and provide support to our modt^l. 

Interesting, no significant differences in trend to square root c/ :ontcur 
were discernable in the data when Ss were divided according to cWrono.'og: cal 
age or estimated gestational age from mothers' reported due dates. Rat if Ss 
were split on the basis of the average latency of across stimuli, a significant 
difference in cubic trend between groups for the stimulus effect is present for the 

amplitude and possibly for the P2-N amplitude difference. These data suggested 
'tnat-ireTative P^ latency is 1 ger. Ellingson (1967) has shown that the latency 
of P2 decreases with gestational age. If latency of P^ reflects developmental 
age, our data would suggest a relatively greater influence of larger element events 
on component amplitudes the less mature the S neuro logically even in this very 
restricted ape range, llie lack of relationship to reported due date may be due 
to the unreliability of this reporting measure along with a severe restriction 
on age in this study. 

Further data with respect to this check effect over wider age ranges are 
currently being obtained. 

Although t* limited number of checkerboard stimuli were used, visual 
inspection of records Oi a different 3--5 S, indicated, at least, that an 
inverted U-shaped function existed for P2"^ amplitude differences if both 
random and checker}>oards were used (Karmel, IVhite, Cleaves and Steinsiek, 1970) 



and that the naxima of the \\-\ difference uould (^ccur at lar^or uw^ sizes 
the younger the S (Ilarter and Suitt, ID-O). lloucver, sufficient s^rouy daM 
for statistical analyses under eont roiled conditions have not \:vvn obtairu'J usm^; 
the flash Iir technique just described. 

To produce data not restricted to checkerboard stimuli, wc enploycd 
technique in\olving sine wave T.odulation of light intensity vicuca throut^b 
patterned stimuli instead of the transient flash just discussed. Essr?itially 
the stimules is a continuous waxing and waning of light intensity nehind t'lo 
pattern. 

The evoked EB(i response to sine light modulation is a Fourier transformation 
of the fundamental frequency of modulation in adults according to Spekreijse 
(1966) and others employing linear s> stems analysis for such phenomena. Indeed, 
Pollen, et aj[. (1971) have also demonstrated that two-dimensional spatial informa- 
tion (stripes of varying widths) is transformed by striate cortex (SC) neurons 
into a neuronal frequency code in the form of periodicities in the post 
stimulus probability histograms of unit firing. (Note our discussion earlier 
of the direct relationship between the post stimulative probability histogram 
and the evoked potential envelop.) Spekreijse and others argue that similar 
periodicities produced by modulated temporal information in the form of 
modulated light intensity would sumrnate with those periodicities resulting 
from the pattern information (see Cornsweet, 1970, Visual Perception , 
Cliapter 11, for a simplified discussion of modulation). Thus, the output 
REG response might consist of compounded frequencies of externally imposed 
and internally generated periodicities that were interacting over time in the 
brain. Note the importance here of a transformation of spatial information 
into a temporal frequency code neurological ly, a most common neurological 



coding mechanism. This ef*-'ect is represented in the fl ish LP data as a 
possibly longer time constant for the full neurological effect of the stiinuius 
to dissipate itself. (See also Ristonovic, IP^l, for a siruilar analysis of 
adult pattern CP responses). 

Using sine modulation of light, each S (N=7) generated LPs to S 
checkerboard then 5 random patterns with a "blank" pattern interposed m 
each set. 

Figure 6 depicts a representative set of EPs from one S. Significant 
variability was found in a measure reflecting differences between and P^ 
and between P^ and (the latter with less precisior. at this age and this 
modulation frequency). 



Figures 6 and 7 About Here 

Figure 7 plots the ^ i difference to the square root of contour. The 
inverted U-shaped function accounts for 80%, (^=.90, £^>.01) of the variability. 
Positive peaks are designated P^ and P^ as we feel these are equivalent to P^ 
and Pj obtained in the flash EP records. 

Thus, Pj disappears in some cases for stimuli in the middle of the texture 
range or is masked by P^ at faster frequencies of modulation. Preliminary data 
from 2 Ss 50 days of age indicate that P^ disappears or coincides with P^ 
at 4.5 cps but not at 2.25 cps in younger Ss. This would reflect longer 
time constants for processing identical environmental information by younger 
Ss since P^ does not generally disappear in older Ss at 4.5 cps. These data 
are reflected in the increased rate for driving found for older S^s in others' 
studies. (Vitova and Hrbek, 1970) 



Ihc use of a tchiporall) var> ini; I'iold uliose froquonc: of ccn^t.iiit 
change interacts with patterns to produce periodicities n the hr. m, 
*'beating** so to speak, at tuned neurological freouencie. -s .j function . 1' 
age and stimuli, reinforces the importance of temporal ( 'des for lx-ha\ i- • nd 
neurophvsLoi jgical activity in infants. 

The 4.5 cps modulation rate, equivalent to 2'0 iiiiiisec. periods repre- 
sents a time phase corresponding to rapid eye scanning rates observable ;n infants. 
Interestingly, these rates increase with development as do the niunber ol looks 
during a given stimulus presentation (Cohen, 1972). 

In other unreported studies implicating velocity or relative tempc ral 
change c'nd where patterns with controlled edge and luminance relationships 
have b.- n manipulated, behavioraT for Ss (12-14 wks) (Karmel, .\pter, and McCarvill] 
suggest that distance between surfaces plays some role in preferences over 
expectations based on retinal angle alone when two distances for patterns were 
present. Motion parallax information affecting the frequency of texture information 
encoded and so important for depth avoidance on the visual cliff (Walk, 196S) , 
might be argued to interact with preferences. Indeed, this has been demonstrated 
in one-two-da7-old chicks (Walk and l\alters, 1971). These animal Ss have been 
shown to have similar preference functions as infants (Karmel, 1966, 1969b). 

In a modulatioi VEP study (Karmel, Fegy and Hoffmann) partially completed, 
where a pattern is controlled for edge but where the edge is displayed on one 
surface or exactly split between two survaces, both adult and infants show a 
significant decrement (£>.05) of ^2'^ 3 infants) or of the ^2*^2 ^^^P^^^^^ 
(in both adults and infants) in the two-surface condition as compared to the 
single-surface condition. Apparently this effect is a binocular one and might 
possibly represent oecrement due to differential frequency codes summating 
out of phase for depth but in phase for the single surface. These latter data 
and interpretation should be treated with caution since more critical conditions 



need to be run in this cxp'^riment . 

''hese temporal effects along witi the generally known influenv:e of /elDcity 
infonnation on spatial effects suggest the current working model based « ii 
empirically testable spatial-temporal interchangeab^lit}' fc*- looking behavior 
in infants. (See Figure 8). 



Figure 8 About Here 

Time prevents me from speculating (at length) on possible neurophysio- 
logically important effects, but the fact, that check sizes producing greatest 
looking attention or largest deviations from baseline brain response relate 
to approximate 'oveal sizes (1-2'") rati er than acuity thresholds (^-20' in 
90'day-old S^s) , might imply that both the mainteri?nc and development of 
foveation are basic to early visual preferences and functions. Salapatek fl969*i. 
Lodge, et_ aj^. (1969) and Fantz (1965) also suggest tnat development of foveation 
may be a critical factor. 

Development of the macular region of the retina .md presumable foveal 
stimulation occurs in apparent coincidence w.th lacency development. Further, 
pattern-dependt nt evoked potentials are primarily produced by foveal stimulation 
in adults. In addition, Superior Colliculus (SCs) cells, vhich are specifically 
involved in eye mov'ements and visual orientation in ^pace are known to have 
specific influences on the later components of VL^s. Interestingly, these cells 
serve to facilitate foveation and have functional ci.aracteristics usually inde- 
pendent of form and orientation but are very much r ize-dependent as is the case 
for behavioral preferences. Both SCs cells and ifteral Geniculate Body cells 
generally contain larger rccopt?ve field sizes an i are relatively more mature 



at birth compared to cortical cells. Subcortical domin^:ice over c.-rh' visuall:-- 
dependent functioning and orientation might bo one speci ic consequence. 

Thus, a shift in distribution from larger to sma'.ler receptnc field 
sizes, whether due to macuiar development, cortical development and func- 
tioning, or due to the relative efficacy of se' "^ ^tructurcb to cortical 
influences providing information for central i vA^cion could be correlated 
with VEP and behavioral findings in infants and animals. Further specific 
elaboration of such neurophysiological constraints may be useful in models 
involving the origins of visual perception and visually dependent preferences 
in infants. 

The general lack of experi ental effects characteristic of basic contour 
processing in diverse species including iiuman infants is suggestive of a spatial 
information processing system that is inherent in the functioning of intact 
visual systems and is consistent with Gibson's notions regarding the nature 
of perceptual organization of visual space (Gibson, 1966). \ shift in the 
relative distribution of cells converging on brain loci from the retina and actm 
to affect shifts in specific Activation levels of neuron pools would appear 
to be an efficient and parsimoneous set of physical events by which selection 
pressures could evolve in^o species' development of spatial perception, 
accommodation reflexes or pattern sensitivities. (Indeed, Sackett, 1963, sug- 
gested a similar mechanism for early imprinting.) Experience during ontogeny 
affecting such pools would only act to modulate these Activation parameters, 
not fundamentally alter the processes by which such Activation is achieved 
(See Piaget, 1972). 

Thank you. 

The research was supported by a National Institute of Child Health and Human 
Development Research Grant #HD05282. 
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I-igurc Car^tions 

Figure 1. Hypothetical spike rate ehanpc as a function of contour .k!i^it\. 

Figure 2. (See karmel 1969a, figure I, p. 544) Hasic stinsulus s-r. 

Figure 5. Mean looking time plotted v\itn respect to the square root of the 
total sum of the lengths of all hlack-uhite transitions contained 
in the pattern. Nevvborn cur\e^ extrapolated from liershenson (15.)()4); 
Three and 8-ueek curves from Brennan, et al^. (1966), 6- and ll-ueek 
curves from Greenberg and ()• Donneli (1972) , 13-\veek curve from 
Karmel (1969a) and Prennan, e£ aj^. (1966), 20-vveek curve from 
Karmel (1969a). 

Figure 4. Shifts in hypothetical Activation functions with corresponding shifts 
in average receptive field sizes characteristic of developing visual 
systems . 

Figure 5. Sample VEP following flash onset to patterned and non-patterned 
stimuli from selected S^ depicting major identifiable components. 
Positive deflections at 0^ up. Patterns were ll-in" viewed from 
20-24 inches. 

Figure 6. Modulation VEP from selected infant to range of patterned information. 

Light onset at lowest portion of sine wave. Approximately one cycle 
of information. Numerals 1-5 correspond to 1/16-, 1/8-, 1/4-, 1/2-, 
and 1-inch checks respectively viewed from 9-12 inches. The (C) and 
(R) refer to redundant and random patterns respectively. 

Figure 7. Mean peak-to-peak i^2'^3^ difference to range of patterned stimuli. 

Element size listed has been adjusted to facilitate comparison to 
behavioral data from Karmel, 1969a, Figure 3, p. 351 and Figure 3 above. 

Figure 8. Hypothetical interaction of spatial and temporal frequency on 
orienting to visual stimuli. 
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